Due to the increased herd size in the Netherlands, there is need to assess the performance of different grazing systems at high stocking densities. The objective of the current experiment was to assess the effect of two extreme grazing systems, kurzrasen (continuous grazing at 3-5 cm sward height) and strip-grazing at a high stocking rate, on grass production and quality, grass morphology and sward density, root development and load bearing capacity on peat soil. To this end, a two-year grazing trial with four herds of 15 cows on 2 ha each was conducted. Kurzrasen showed 18% lower herbage dry matter production on average compared to strip-grazing. The yield penalty of using a shorter regrowth period under kurzrasen was limited due to the strong response in grass morphology, resulting in a dense and lamina-rich sward. There was a small decline in root density at 10 cm soil depth, but no evidence of a lower root density at 20 cm soil depth for kurzrasen compared to strip-grazing. Sward density was higher for kurzrasen compared to strip-grazing, which had a positive impact on load bearing capacity. This is an important feature on peat soils, where load bearing capacity is often limited.
Introduction
In northwestern Europe, grazed pastures form an important feed source for dairy production and grazing cows are important for the image of the dairy sector [1] . In general, there is a downwards trend in the proportion of cows with access to pasture, and Reijs et al. [2] reported a decline in grazing in five out of seven grazing areas in Europe. In the Netherlands, the proportion of dairy cows with access to pasture has declined from 90% in 2001 to 63% in 2013. In more recent years, this proportion has stabilized and even increased up to 75% in 2017 [3] . In recent decades, herd size has nearly doubled from 55 to 97 dairy cows per farm [4] , whereas the available grassland area close to the farm yard remained the same [5] . This results in high(er) stocking rates on the grazed area, often in excess of 7.5 cows per ha, which makes it difficult to maintain a grazing system with access to pasture for more than six hours per day [5] . Additionally, the high milk output per cow demands a high dry matter and nutrient intake. Achieving sufficient pasture intake and pasture utilization in a system with high Friesian and 24 Jersey) were assigned to 15 blocks based on breed, parity, days in milk, milk yield and body weight. Within blocks, cows were randomly allocated to one of four treatment groups.
Prior to the experiment, in 2015, the kurzrasen area had already been subjected to a kurzrasen grazing regime, whereas the strip-grazing area was grazed in a rotational grazing system in order to allow the swards to adapt to the different regimes.
Grazing Management
Because of the high stocking density, and to avoid heat stress during the summer months, grazing was restricted to night-time grazing only. For kurzrasen, each farmlet consisted of one single grazing block, with the aim to maintain a constant sward height between 3 and 5 cm. For strip-grazing, cows had access to a fixed area of two strips, which was a combination of a fresh new strip and the strip from the day before, with strip-size depending on the herbage growth rate and supply (total grazing area of 47 to 267 m 2 per cow). In the strip-grazing system, herbage in excess of animal requirements was harvested for silage production. Cows were supplemented with grass silage in the stable during day-time depending on grass production and supply (on average 3.9 and 2.6 kg DM cow −1 day −1 in 2016 and 2017, respectively). Additionally, all cows received on average of 7 kg concentrates cow −1 day −1 .
In March, 25 m 3 (2016) or 30 m 3 (2017) of cattle slurry was applied to all fields. Additionally, fields were fertilized with 100 (2016) or 80 kg N ha −1 (2017) in the form of calcium ammonium nitrate, distributed over 3 to 4 applications over the growing season.
Weather Conditions and Impact on Grazing
Monthly temperature and rainfall data in comparison to the long-term average (since 1980) collected from the KNMI weather station in De Bilt (23 km distance) are shown in Figure S1 . In 2016, wet conditions in early April resulted in low load bearing capacity of the grazing area and, as a result, the grazing season started on 20 April for strip-grazing. At this stage, the sward height was over 10 cm for kurzrasen, which is way in excess of the target 5 cm, and it was decided to cut and harvest this herbage, before turning out the cows on 24 April. In June and July 2016, due to high amounts of rainfall ( Figure S1 ), the strip-grazing groups were kept indoors for two weeks. Rainfall in September and October was low, and the grazing season was ended for both systems on 22 October due to a lack of herbage growth.
In 2017, the grazing season started on 27 March for kurzrasen and 4 April for strip-grazing. For strip-grazing, cows were kept indoors for one week during June and September because of low grass supply and for a few days in September because of low load bearing capacity due to rainfall. The grazing season was ended for both systems on 5 October due to high rainfall resulting in a poor load-bearing capacity.
Soil Parameters
Within each farmlet, two 5 m × 5 m observation plots were set up within which all soil and morphological measurements were carried out, resulting in a total of 8 observations per time point. All soil measurements were carried out at the start of the growing season (March/April) and at the end of the growing season (October/November). Additionally, load bearing capacity and soil moisture content were measured on three additional occasions during the growing season (May, July and September).
Load bearing capacity was measured with an analog penetrometer (Eijkelkamp), with a cone diameter of 5.0 cm 2 and an apex angle of 60 • . Load bearing capacity was recorded at 10 points per plot and was expressed as the average value of the maximum force needed to push the cone through the sod. Water infiltration rate was measured at 3 randomly chosen spots within each observation plot. A PVC pipe of 15 cm high (ø 15 cm) was driven into the soil to a depth of 10 cm and the time it took for 500 mL water to infiltrate was recorded. The soil moisture content was measured by taking 20 soil Sustainability 2019, 11, 6283 4 of 18 cores (0-10 cm depth) per observation plot with a grassland auger. The bulked soil was dried at 100 • C for 24 h.
Visual assessments of rooting density were conducted by an expert at the start and end of the growing season. In each observation plot, two 20 × 20 cm soil cubes were dug out with a spade and separated into two halves (0-10 and 10-20 cm depth). Rooting density was assessed by counting root tips in a 10 × 10 cm square at the 10 cm and 20 cm horizontal surface [12] . This method was chosen since the more conventional method determining root density through soil coring followed by root washing is very hard and unreliable on peat soil.
Herbage Parameters
For kurzrasen, the sward height was measured weekly using a Jenquip folding plate meter. For strip grazing, pre-and post-grazing sward heights were recorded daily. For strip-grazing, herbage production at the grazed area was estimated based on weekly differences in sward height. Grass production for kurzrasen was estimated by measuring the weekly increase in sward height under grass cages (two cages of 1 × 4 m per group) that were moved to a new spot every week. For both methods, the difference in sward height was converted to herbage DM yield based on a conversion factor that was based on the calibration of sward height with herbage DM. For this calibration, five sward height measurements were taken before and after cutting a strip of approximately 0.5 × 4 m using a lawnmower. The fresh weight of the herbage was recorded, and a subsample was dried at 70 • C for 48 h to determine dry matter content. A total of 200 calibration measurements were taken throughout the season during 2016 and 2017 for both kurzrasen and strip-grazing swards (see Figure S2 ). Analysis of the calibration measurements showed that the conversion factor was on average 237 kg DM ha −1 cm −1 and was the same for kurzrasen and strip-grazing (See Figure S2 , R 2 = 0.92). Only during May and June, when the strip-grazing herbage showed generative regrowth (whereas this was minimal under kurzrasen), the conversion factor was significantly lower for strip-grazing at 191 kg DM ha −1 cm −1 (R 2 = 0.86), which is in line with Klootwijk et al. [13] .
Grass harvested for silage production was weighed after collection, and a sample was taken for DM and quality analyses.
In order to determine the herbage quality under grazing, herbage grab samples were taken once a week (strip-grazing) or once every two weeks (kurzrasen) for the duration of the grazing season. Particularly for kurzrasen, it was hard to obtain a representative sample of sufficient size. During 2016, samples were taken with a lawnmower set at 3.5 cm height, which yielded unsatisfactory results (see Table 1 ). In 2017, extra care was taken to mimic intake of the grazing cows, and samples were collected by cutting of grass tips with scissors. Concentrates, fresh grass and grass silage were analysed for chemical composition and feeding value at Eurofins Agro (NIRS, Wageningen, NL, USA).
Whole-field botanical composition was determined by an expert assessing the percentage cover of all grass and herb species in April and December 2016 and in October 2017.
In May, August and September 2016 and 2017, 25 perennial ryegrass tillers were collected from each observation plot. For strip-grazing, tillers were collected from one pre-grazing and one post-grazing plot for each farmlet. For each tiller, the number of (ungrazed) leaves per tiller was recorded. Additionally, the length of the pseudostem and all leaves (free-leaf lamina, so excluding the length of the pseudostem) was measured. The proportion of free-leaf lamina was calculated for each tiller as the sum of the free-leaf lamina length divided by the total leaf length.
In August and November 2016 and March, May and September 2017, sward density was assessed using the point quadrat method, for which 10 spokes in a row at 10 cm distance were gently pushed into the soil. The number of spokes touching the base of a grass tiller (as opposed to litter or bare soil) at the soil surface was recorded. This was repeated ten times in each observation plot, and the percentage cover was calculated. 
Number of Steps
The number of steps during grazing was determined throughout the grazing season in 2016 and 2017 for all cows using NEDAP smarttag leg sensors [14] .
Statistical Analysis
The effect of grazing system on mean daily herbage growth rate, herbage production, silage production and feeding value was analyzed by Generalized Linear Modelling (GLM). The effect of grazing system and time of measurement on herbage morphology and soil parameters were analyzed with GLM, taking into account the random structure of repeated measures over time and sub-plots within each farmlet, using the LMER package in R 3.4.4 [15] . Pearson correlations were carried out to assess correlations between soil and sward parameters.
Results

Soil Parameters
Load Bearing Capacity and Penetration Resistance
Load bearing capacity ranged from below 0.4 MPa in April 2016 and March and October 2017 to over 1.6 MPa during July and September 2016 and May 2017 ( Figure 1 ). On average, the loadbearing capacity was higher for kurzrasen (on average 1.1 MPa) compared to strip-grazing (on average 1.0 MPa), however this difference was only statistically significantly (p < 0.05) during July and November 2016 ( Figure 1 ).
Penetration resistance ranged from 1.5 MPa in November 2016 to 0.39 MPa in April 2016, both at 0-10 cm soil depth ( Figure S3 ). In the top 20 cm and below 30 cm, there was no significant effect of system on penetration resistance. Only at 20-30 cm soil depth, penetration resistance was significantly higher for kurzrasen compared to strip-grazing during November 2016 and March 2017, but this effect was not significant during April 2016 and October 2017 (significant system × month interaction, p < 0.05).
Load bearing capacity (MPa) Figure 1 . The load bearing capacity (MPa) for the kurzrasen and strip-grazing systems during 2016 and 2017. Error bar = 2 x standard error (SE), n = 4. Significant differences or trends between the grazing systems are denoted by * (p < 0.05) or (p < 0.1).
Soil Moisture Content and Temperature
Soil moisture content ranged from over 62% in April 2016 to below 45% in July 2017 ( Figure 2 ). Soil moisture content was slightly but significantly (p < 0.05) lower for kurzrasen compared to stripgrazing (47.9% and 50.9%, respectively). 
Soil moisture content ranged from over 62% in April 2016 to below 45% in July 2017 ( Figure 2 ). Soil moisture content was slightly but significantly (p < 0.05) lower for kurzrasen compared to strip-grazing (47.9% and 50.9%, respectively). Mean daily soil temperature ranged from 7.9 °C in March 2017 to 22.1 °C in July 2017 and was not significantly affected by grazing system (data not shown).
Soil moisture content (weight %) 
Water Infiltration Rate
During April 2016 and October 2017, it was not possible to measure the water infiltration rate, because the high soil moisture content severely impeded the infiltration of water into the soil. For the two remaining measurement periods, there was a significant month by system interaction: During October 2016, when soil conditions were relatively dry, the water infiltration rate was significantly lower for kurzrasen compared to strip-grazing, 41 and 70 mm per minute, respectively ( Figure S4 ). During March 2017, when the soil was really wet, the water infiltration rate was on average 1.7 mm per minute and there was no significant difference between the two grazing systems. Mean daily soil temperature ranged from 7.9 • C in March 2017 to 22.1 • C in July 2017 and was not significantly affected by grazing system (data not shown).
During April 2016 and October 2017, it was not possible to measure the water infiltration rate, because the high soil moisture content severely impeded the infiltration of water into the soil. For the two remaining measurement periods, there was a significant month by system interaction: During October 2016, when soil conditions were relatively dry, the water infiltration rate was significantly lower for kurzrasen compared to strip-grazing, 41 and 70 mm per minute, respectively ( Figure S4 ). During March 2017, when the soil was really wet, the water infiltration rate was on average 1.7 mm per minute and there was no significant difference between the two grazing systems.
Root Density
The root density was on average 145 and 108 roots dm −2 at 10 and 20 cm soil depth, respectively ( Figure 3 ). There was a significant (p < 0.01) month by system interaction for the root density at 10 cm soil depth. The root density at 10 cm soil depth tended to be lower for kurzrasen compared to strip-grazing, but only significantly so in April 2016 (p < 0.01). There was no significant effect of system on the root density at 20 cm soil depth or on the proportion of roots at 10 cm soil depth, which was on average 60%. ( Figure 4b and Table 1 ). Peak growth for kurzrasen was in mid-April, when the sward height was in excess of the target 5 cm (see also above). For strip-grazing maximum growth rates of over 110 kg DM ha −1 d −1 were achieved in May and June. In 2017, the herbage growth rate on the grazed area was on average 46 and 59 kg DM ha −1 d −1 for kurzrasen and strip-grazing, respectively ( Figure 4b ).
In 2016, the cumulative herbage DM production on the grazed area based on these herbage growth rates was 7.4 and 8.8 t DM ha −1 for kurzrasen and strip-grazing, respectively (Table 1 ). In 2017, the cumulative herbage dry matter production was 23% higher for strip-grazing than kurzrasen 12. 
Herbage Chemical Composition
In 2016, there was no significant difference in crude protein (CP) content between kurzrasen and strip-grazing (Table 1) , whereas the VEM (feed unit milk; 1000 VEM = 6.9 MJ; Van Es, 1978), DVE (true protein digested in the small intestine; Tamminga et al., 1994), organic matter (OM) digestibility and ash content were significantly (p < 0.05) lower for kurzrasen compared to strip-grazing. Acid detergent fiber (ADF) and lignin (ADL) were significantly (p < 0.05) higher for kurzrasen compared to strip-grazing. This unexpected result was strongly related to the sample collection method (lawnmower for kurzrasen), which was not representative of the actual plant parts (leaves) selected during grazing. Therefore, in 2017, we adjusted the sampling protocol to better mimic the grazing pattern of the cows. In 2017, the crude protein content, VEM and DVE were significantly (p < 0.05) higher for kurzrasen compared to strip-grazing (Table 1) , and digestibility also tended to be higher (p = 0.08). In contrast, NDF and ADF were significantly (p < 0.05) lower for kurzrasen than strip- 
Herbage Parameters
Sward Height
The sward height for kurzrasen in 2016 ranged from 6.5 cm in April to between 4 and 3 cm from June onwards (4.5 cm on average) and between 4 and 5 cm in 2017 from May onwards (4.5 cm on average, Figure 4a ). In 2016, the pre-grazing sward height for strip-grazing ranged from 18 cm in May to below 8 cm in September and October. The post-grazing sward height ranged from 7.5 cm in May to Sustainability 2019, 11, 6283 8 of 18 below 6 cm in September and October. In 2017, the mean pre-grazing sward height was 11.3 cm and the post-grazing sward height was 6 cm. 
Herbage Growth Rate on the Grazed Area
In 2016, the herbage growth rate on the grazed area (excluding area set aside for silage production) was on average 33 and 44 kg DM ha −1 d −1 for kurzrasen and strip-grazing, respectively ( Figure 4b and Table 1 ). Peak growth for kurzrasen was in mid-April, when the sward height was in excess of the target 5 cm (see also above). For strip-grazing maximum growth rates of over 110 kg DM ha −1 d −1 were achieved in May and June. In 2017, the herbage growth rate on the grazed area was on average 46 and 59 kg DM ha −1 d −1 for kurzrasen and strip-grazing, respectively ( Figure 4b ).
In 2016, the cumulative herbage DM production on the grazed area based on these herbage growth rates was 7.4 and 8.8 t DM ha −1 for kurzrasen and strip-grazing, respectively (Table 1 ). In 2017, the cumulative herbage dry matter production was 23% higher for strip-grazing than kurzrasen 12.8 and 10.4 t DM ha −1 , respectively).
Herbage Chemical Composition
In 2016, there was no significant difference in crude protein (CP) content between kurzrasen and strip-grazing (Table 1) , whereas the VEM (feed unit milk; 1000 VEM = 6.9 MJ; Van Es, 1978), DVE (true protein digested in the small intestine; Tamminga et al., 1994), organic matter (OM) digestibility and ash content were significantly (p < 0.05) lower for kurzrasen compared to strip-grazing. Acid detergent fiber (ADF) and lignin (ADL) were significantly (p < 0.05) higher for kurzrasen compared to strip-grazing. This unexpected result was strongly related to the sample collection method (lawnmower for kurzrasen), which was not representative of the actual plant parts (leaves) selected during grazing. Therefore, in 2017, we adjusted the sampling protocol to better mimic the grazing pattern of the cows. In 2017, the crude protein content, VEM and DVE were significantly (p < 0.05) higher for kurzrasen compared to strip-grazing (Table 1) , and digestibility also tended to be higher (p = 0.08). In contrast, NDF and ADF were significantly (p < 0.05) lower for kurzrasen than strip-grazing.
Botanical Composition
The proportion of desirable grasses (Lolium perenne and Phleum pratense) was on average 58% for kurzrasen and 69% for strip-grazing (p < 0.05, Table S1 ). This difference was already apparent at the start of the kurzrasen grazing treatment in May 2015 (71.3 and 89.8% for kurzrasen and strip-grazing, respectively). This proportion decreased from on average 73% in April 2016 to 59% and 58% in December 2016 and October 2017, respectively (p < 0.05). The remaining species mainly consisted of other grasses (mainly Poa trivialis, Elymus repens, Poa annua and Agrostis stolonifera). The proportion of dicots ranged from 0.4% in April 2016 to 3.7% in October 2017.
Herbage Morphology
The number of green leaves per tiller was on average 2.7 (Figure 5a ). In 2016, the number of leaves was lower for strip-grazing-post during May, (significant system × month interaction, p < 0.001). In 2017, the number of leaves was significantly (p < 0.001) lower for strip-grazing-post during all months (no measurements during September). 1 The mean herbage growth rate based on weekly sward height measurements (underneath cages for kurzrasen), from 8 May to 21 October in 2016 and from 27 March to 26 October in 2017 on the grazed area. See materials and methods for details. 2 p-value for comparison of grazing systems within year. * = p < 0.05; ** = p < 0.01; *** = p < 0.001; ns = not significant; 3 Potential cumulative herbage growth on the grazed area, assuming that the whole area is only used for grazing. This includes herbage available at the start of the grazing season. 4 VEM = feed unit milk; DVE = true protein digested in the small intestine; OM = organic matter; NDF = neutral detergent fiber; ADF = acid detergent fiber; ADL = acid detergent lignin.
The number of green leaves per tiller was on average 2.7 (Figure 5a ). In 2016, the number of leaves was lower for strip-grazing-post during May, (significant system × month interaction, p < 0.001). In 2017, the number of leaves was significantly (p < 0.001) lower for strip-grazing-post during all months (no measurements during September).
The number of ungrazed leaves per tiller (Figure 5b ) was on average 1.2 for kurzrasen, 2.0 for strip-grazing-pre and 0.13 for strip-grazing-post. Also, the number of ungrazed leaves was higher in July compared to May and September, for kurzrasen and strip-grazing-pre, resulting in a significant (p < 0.05) month by system interaction.
There was a significant (p < 0.05) system x month interaction for the total free-leaf lamina length (Figure 5c ). The total free-leaf lamina length was highest for strip-grazing-pre, with on average 30 cm tiller −1 . The total free-leaf lamina length for kurzrasen (on average 9.4 cm tiller −1 ) compared to stripgrazing-post (on average 5.9 cm tiller −1 ) was either higher (May both years, July 2017) or similar (July 2016).
The proportion of free-leaf lamina (proportion of total tiller length) was significantly (p < 0.001) lower for strip-grazing-post compared to strip-grazing-pre and kurzrasen ( Figure 5d ) and was on average 0.47, 0.75 and 0.76, respectively. There was a significant (p < 0.001) month x system interaction for the proportional sward cover measured with the point quadrat method (sward density). The mean sward cover was on average 80% and 60% for kurzrasen and strip-grazing, respectively ( Figure 6) . The difference between kurzrasen and strip-grazing was smaller and not significant in March 2017.
Number of Steps
The average number of steps per day during grazing in 2016 was 19,942 and 17,591 for kurzrasen and strip-grazing, respectively (p < 0.05), and the average number of steps per day during grazing in 2017 was 25,313 and 20,530 for kurzrasen and strip-grazing (p = 0.12), respectively. The higher number of steps per day for kurzrasen was the result of a higher number of grazing hours per day (on average 13.0 and 12.1 h per day for kurzrasen and strip-grazing, respectively) and an increase in the number of steps per grazing hour (1732 and 1588 for kurzrasen and strip-grazing, respectively).
Correlations
In general, there was a negative correlation between load bearing capacity and soil moisture content, and this correlation was significant during May and July 2016 and March and October 2017 ( Figure 7a and Table S2 ). In contrast, the load bearing capacity was generally positively correlated with the sward density, significantly so during July 2016 and July and October 2017 ( Figure 7b and Table S2 ). Load bearing capacity was not significantly correlated to root density. Load bearing capacity was generally positively correlated to the penetration resistance but only significantly (p < 0.05) so in November 2016 (21-30 cm), March 2017 (21-30 cm and 31-40 cm).
During March 2017, when the soil was relatively wet, soil moisture content (SMC) was negatively correlated to the water infiltration rate (r = −0.89; p < 0.01). However, during November 2016, when soils were relatively dry, there was no significant correlation between SMC and the water There was a significant (p < 0.001) month x system interaction for the proportional sward cover measured with the point quadrat method (sward density). The mean sward cover was on average 80% and 60% for kurzrasen and strip-grazing, respectively ( Figure 6) . The difference between kurzrasen and strip-grazing was smaller and not significant in March 2017.
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During March 2017, when the soil was relatively wet, soil moisture content (SMC) was negatively correlated to the water infiltration rate (r = −0.89; p < 0.01). However, during November 2016, when soils were relatively dry, there was no significant correlation between SMC and the water The number of ungrazed leaves per tiller (Figure 5b ) was on average 1.2 for kurzrasen, 2.0 for strip-grazing-pre and 0.13 for strip-grazing-post. Also, the number of ungrazed leaves was higher in July compared to May and September, for kurzrasen and strip-grazing-pre, resulting in a significant (p < 0.05) month by system interaction.
There was a significant (p < 0.05) system x month interaction for the total free-leaf lamina length (Figure 5c ). The total free-leaf lamina length was highest for strip-grazing-pre, with on average 30 cm tiller −1 . The total free-leaf lamina length for kurzrasen (on average 9.4 cm tiller −1 ) compared to strip-grazing-post (on average 5.9 cm tiller −1 ) was either higher (May both years, July 2017) or similar (July 2016).
The proportion of free-leaf lamina (proportion of total tiller length) was significantly (p < 0.001) lower for strip-grazing-post compared to strip-grazing-pre and kurzrasen (Figure 5d ) and was on average 0.47, 0.75 and 0.76, respectively.
There was a significant (p < 0.001) month x system interaction for the proportional sward cover measured with the point quadrat method (sward density). The mean sward cover was on average 80% and 60% for kurzrasen and strip-grazing, respectively ( Figure 6) . The difference between kurzrasen and strip-grazing was smaller and not significant in March 2017. infiltration rate (Table S2 ). Water infiltration was negatively correlated to the penetration resistance in November 2016 (p < 0.05 for 21-30 and 31-40 cm), but there was a significant positive correlation in March 2017 (p < 0.05 for 0-10 and 11-20 cm).
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Discussion
Load Bearing Capacity
Load bearing capacity was generally higher for kurzrasen than for strip-grazing, but this was only statistically significant during July 2016, November 2016 and March 2017. Load bearing capacity is an important parameter that has a large impact on grassland utilization, as it affects the length of 
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During March 2017, when the soil was relatively wet, soil moisture content (SMC) was negatively correlated to the water infiltration rate (r = −0.89; p < 0.01). However, during November 2016, when soils were relatively dry, there was no significant correlation between SMC and the water infiltration rate (Table S2 ). Water infiltration was negatively correlated to the penetration resistance in November 2016 (p < 0.05 for 21-30 and 31-40 cm), but there was a significant positive correlation in March 2017 (p < 0.05 for 0-10 and 11-20 cm). 
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Discussion
Load Bearing Capacity
Load bearing capacity was generally higher for kurzrasen than for strip-grazing, but this was only statistically significant during July 2016, November 2016 and March 2017. Load bearing capacity is an important parameter that has a large impact on grassland utilization, as it affects the length of the grazing season (turn-out and turn-in dates) but also the potential for grazing during periods with high rainfall during the grazing season (such as in June 2016). In general, a load bearing capacity in excess of 0.7 MPa is assumed to be adequate to prevent sward damage during grazing [16] . The weeks around the measurements in November 2016 and particularly March 2017 were wet periods, during which, the difference in load bearing capacity affected whether this threshold value was achieved or not. Load bearing capacity may depend on a combination of factors, including soil moisture content, sward density, and root density [17] , as outlined below.
Soil moisture content (SMC) showed a strong negative correlation with load bearing capacity (Figure 7a) , both within and between measurement periods, which is in line with literature [18] . The high SMC in March and April (>50%) resulted in a low load bearing capacity (<0.5 MPa) during those periods. Whereas during the dry periods (<50% SMC) the load bearing capacity ranged from 0.8 to over 2 MPa. The negative correlation between load bearing capacity and soil moisture content is in line with other studies showing that a higher soil moisture content decreases the load bearing capacity of the soil due to decreased soil strength [18] . Under these conditions, grazing can result in soil compaction, followed by pugging at high moisture contents and poaching on saturated soils [17] .
Soil moisture content tended to be lower for kurzrasen compared to strip-grazing ( Figure 2 ). This could be related to higher levels of evaporation from the soil, due to increased wind speed at soil surface at low sward heights [19] . However, this is somewhat counterbalanced by the higher sward density for kurzrasen, limiting the exposure of bare soil to the air. At the same time, the lower grass growth rate for kurzrasen in comparison to strip-grazing may result in lower water usage and hence evapotranspiration. Indeed, evapotranspiration from grass has been shown to be positively correlated to sward height [20] . Also, Donkor et al. [21] found a lower soil moisture level for rotational grazing compared to continuous grazing as a result of higher evaporation and transpiration rates of the standing crop.
Load bearing capacity was positively correlated to the sward density (Figure 7b ), which is in line with literature [17] . Dense swards allow less direct hoof/soil contact and offer a higher degree of protection. Sward density was higher for kurzrasen compared to strip-grazing. This increase in tiller density is the result of lower shading by large leaves in the kurzrasen sward [22] . Additionally, more frequent defoliation may affect the hormonal distribution, resulting in faster cell division and tiller formation [23] . Therefore, kurzrasen may be employed as a strategy to increase the load bearing capacity and therefore increase the number of days available for grazing and decrease sward damage as a result of treading.
Load bearing capacity showed no statistically significant correlation with root density (Table S2 ) and there were no statistically significant differences in root density between the two grazing systems (see also below).
Treading
The number of grazing hours and number of steps during grazing may affect the impact of grazing on sward damage during grazing at times with low load bearing capacity. In the kurzrasen system, both the time spent in pasture and the number of steps per hour were higher compared to strip-grazing. This is probably related to the low available herbage mass at kurzrasen, resulting in a lower intake rate per bite. It is unclear to what extent this higher level of treading for kurzrasen will counteract the positive effects of increased sward density on damage during grazing at higher soil moisture levels. Several studies have reported a negative impact of stocking density on soil damage during grazing [24] [25] [26] [27] . However, in most studies (as in the current study) the effect of increased treading cannot be disentangled from the grazing system, i.e., higher stocking densities are often associated with lower sward height [17] . Also, for kurzrasen, the daily grazing area was 2 ha, whereas for strip-grazing, the daily available area was on average 0.18 ha. As a result, the actual stocking rate during grazing was more than 10 times higher for strip-grazing compared to kurzrasen, but for strip-grazing, the sward had rest-periods in between grazing sessions. Therefore, when soil load bearing capacity is low, strip-grazing potentially results in a lot of damage on a relatively small area, whereas with kurzrasen the sward damage is limited. In practice, this means that, regardless of differences in load bearing capacity associated with sward density, with strip-grazing, farmers will more readily choose to keep their livestock indoors to avoid excessive sward damage. Indeed, during 2016 and 2017, the strip-grazing groups were kept indoors during the grazing season due to low load bearing capacity on a number of occasions, whereas with kurzrasen this was never the case. However, kurzrasen systems often only have one access point into the paddock, which is used throughout the grazing season, and trampling around this area may therefore be more apparent. There was no statistically significant effect of system on the soil penetration resistance at 0-10 cm soil depth, indicating that there was no evidence of differences in soil compaction between the two systems.
Water Infiltration Rate
A high water infiltration rate is important for flood prevention, because soils can take up water during rain showers more rapidly, which reduces the peak loads of drainage water in ditches and rivers. This is particularly relevant in view of future climate change scenarios, in which the occurrence of extreme rainfall events is predicted to increase (KNMI, 2014). The range in water infiltration rate measured in the current experiment is in line with Deru et al. [28] , who reported an average water infiltration rate of 32 mm min −1 on relatively dry production grassland soil and 6.2 mm min −1 on dryer semi-natural grassland soils.
At high soil moisture levels (i.e., April 2016, March and October 2017), the water infiltration rate was less than 4 mm min −1 (too low for measurement during the first and the latter month). At these times, we found no statistically significant differences between the two grazing systems. In March 2017, there was a negative correlation between water infiltration rate and soil dry matter content, indicating that during wet periods, the water infiltration was faster on dryer soils. During November 2016, when the soil was relatively dry, the water infiltration rate was over 40 mm min −1 . Even though at this point the water infiltration rate was statistically significantly higher for strip-grazing compared to kurzrasen, it is questionable whether this difference is practically relevant. During this dry period, there was no statistically significant correlation between SMC and water infiltration rate, and a negative correlation between penetration resistance and water infiltration rate.
Herbage Growth
Herbage growth rates in 2016 were relatively low, which was related to the extremely wet conditions during the middle of June, followed by very dry conditions during September and October. Growing conditions were generally better in 2017, and the mean herbage growth rate in the pasture was on average 39 and 52 kg DM ha −1 d −1 during 2016 and 2017, respectively.
The herbage dry matter production rate on grazed pasture, excluding area temporarily used for silage production, was on average 13% and 24% lower for kurzrasen compared to strip-grazing in 2016 and 2017, respectively. This is in line with [9] , who reported a 36% increase in herbage DM production for simulated rotational grazing (6 cuts per season) compared to kurzrasen (9 cuts per season). The yield reduction for kurzrasen can be related to the young leaf stage at time of grazing (leaf stage 1-1.5 and 1.5-3 leaves tiller −1 for kurzrasen and strip-grazing, respectively, Figure 5b ), and the short post-grazing height (on average 4.5 and 6.1 cm for kurzrasen and strip-grazing, respectively) associated with the kurzrasen system, as outlined below.
A number of publications have shown that the highest herbage yields are achieved by grazing at the two to three leaf stadium (corresponding to approximately three-week regrowth period) to a residual grazing height of approximately 5 cm [29, 30] . Just after grazing, at the start of the regrowth period there is relatively little photosynthetically active plant material (i.e., lamina), and growth is mainly dependent on sugar reserves in the stubble and roots. As soon as sufficient lamina material has developed, further growth is based on photosynthesis, and at this stage, sugar reserves can be replenished [31, 32] . If swards are grazed too often (before the sugar reserves have been restored), this can result in decreased growth capacity and reduced root growth.
Similarly, a too low stubble height may result in low sugar reserves and reduced or at least delayed growing capacity. In contrast, when the regrowth length is too long, or the stubble too high, this will result in senescence of older plant material, and lower grass utilization [31, 32] . However, the yield penalty for kurzrasen is smaller than could be expected, as a result of the morphological changes in the perennial ryegrass plants in response to these different systems, including (1) the proportion of free-leaf lamina, (2) the sward density and (3) the root density.
(1) In the kurzrasen system, the amount of lamina material per tiller (expressed as free-leaf lamina length per tiller (Figure 5c ) was much smaller than the pre-grazing free-leaf lamina length of strip-grazing. However, the free-leaf lamina length for kurzrasen tended to be larger than the post-grazing free-leaf lamina length for strip-grazing. Furthermore, when the free-leaf lamina length is expressed as a proportion of the total tiller length, there is only a small difference between kurzrasen and pre-grazing strip-grazing, and the proportion of free-leaf lamina is significantly higher for kurzrasen compared to post-grazing strip-grazing. This might imply that the amount of photosynthetically active material just after defoliation is not limiting for the regrowth of the kurzrasen sward (but is even higher for kurzrasen compared to strip-grazing) and therefore the depletion of sugar reserves just after defoliation is smaller. At the same time, the kurzrasen tillers may not reach the stage in which the sugar reserves are actively replenished [31] .
(2) Additionally, the kurzrasen system resulted in a much higher sward density, and the lower tiller productivity was partly compensated by an increase in the number of tillers, which is in line with [33] , as discussed above. (3) The root density at 10 and 20 cm soil depth tended to be lower for kurzrasen compared to strip-grazing. However, the differences tended to be small and only significant at 10 cm during April 2016. In general, the root density was high in comparison to measurements in the same region by [28] . Also, there was no evidence of a shift to more shallow soil layers for kurzrasen. This is in line with [34] , who did not show a clear difference in root biomass at 0-10 cm soil depth when comparing kurzrasen to a rotational grazing system. Starz et al. [34] did report a slight shift in the proportion of roots in the top 5 cm from 0.99 for rotational grazing to 0.95 for kurzrasen. Generally, root mass shows a decline under high defoliation frequency and intensity [10] , which could be related to the reduced availability of stored carbohydrates in the roots and stubble. For the kurzrasen system (in contrast to strip-grazing), the grass morphological measurements have shown that the herbage is never entirely dependent on stubble and root reserves, because there is always a relatively constant proportion of green lamina material present in the sward (Figure 5d ), which, in combination with the higher sward density, may explain the lack of effect on root density. Indeed, [33] reported that the root biomass of grazed swards was larger under continuous grazing compared to rotational grazing, which was associated with a higher tiller density under continuous stocking. Moreover, the infrequent severe grass cuttings under rotational stocking lead to a standstill in root production of 25 to 45 days during the growing season as carbohydrate reserves and assimilates will in first instance predominantly be used to re-establish the shoot/root ratio [35] .
In the current research we found no evidence of lower drought resistance under kurzrasen, i.e., the relative yield difference between the two systems did not increase during dry periods in September and October 2016 and April and May 2017 ( Figure 4b ). As discussed above, this may be related to the lower water requirement for growth at lower herbage production rates.
Herbage Quality
For kurzrasen, the herbage intake consists of young lamina material, whereas for strip-grazing, the average age of the plant material is higher and contains more sheath and stem material. The CP content is generally higher for lamina compared to sheath and stem material [36, 37] , whereas the water soluble carbohydrate (WSC), NDF and ADF content is generally lower [37, 38] . Also, increased sward age results in a decrease in CP, whereas WSC, NDF and ADF show an increase with increasing sward age [31, 37, [39] [40] [41] . Chapman et al. [29] reported that the OM digestibility, CP and WSC content was higher for the newly emerged leaves, compared to older leaves, whereas NDF and ADF contents were lower. Therefore, the CP content, and digestibility is expected to be higher for kurzrasen compared to strip-grazing. Indeed, Starz et al. [9] reported higher net energy and CP content for simulated kurzrasen compared to rotational systems, whereas the reverse was found for NDF. In 2016, we found only a small difference in the nutritional value of the herbage for grazing between kurzrasen and strip-grazing, and differences were often in contrast with expectations: the CP content tended to be lower for kurzrasen and the ADF content was significantly higher for kurzrasen. This unexpected result was probably related to the sample collection method during 2016 (see material and methods), which was not representative of the actual plant parts (leaves) selected during grazing. Therefore, the sampling protocol was adjusted in 2017 (using hand scissors), and in 2017 we found a 13% increase in CP content for kurzrasen compared to strip-grazing, whereas the NDF and ADF content was significantly lower for kurzrasen compared to strip-grazing.
Additionally, the difference in botanical composition between the kurzrasen and strip-grazing fields may have affected the difference in nutritive value: the proportion of highly palatable grasses (perennial ryegrass and timothy) was lower for kurzrasen compared to strip-grazing. However, there is some evidence that the difference in nutritional value between highly palatable and less palatable grasses is less apparent at early plant growth stages [42] . As a result, the less favorable botanical composition of the kurzrasen fields, in which the grass is grazed at a very young stage of growth, is unlikely to have a large impact on nutritional value. The current experiment was limited to two experimental years and the sample size was relatively small. While this is to a large extent the results of limitations associated with systems approach, it may have limited the power for statistical testing and the robustness of the responses.
Conclusions
•
In line with our hypotheses, kurzrasen showed a lower herbage dry matter production compared to strip-grazing. The yield penalty of using a shorter regrowth period under kurzrasen was limited due to the strong response in grass morphology, resulting in a dense and lamina-rich sward, even at very low stubble heights.
We found some evidence of a higher nutritional value of herbage under kurzrasen compared to strip-grazing and our results stress the importance of taking grass samples that are representative for the ingested herbage during grazing. • Sward density was higher for kurzrasen compared to strip-grazing, which had a positive impact on load bearing capacity.
There was a small decline in root density at 10 cm soil depth, but no evidence of a lower root density at 20 cm soil depth, and also, there was no evidence for a decrease in drought resistance under kurzrasen. This lack of response to the low stubble height and short regrowth length under kurzrasen may be related to the adjustments in herbage morphology.
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